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(54) Apparatus and method for reconfiguring the pin assignments of one or more functinal 
circuits in a microcontroller 

(57) An apparatus and method are provided for 
reconfiguring the pin assignments of the functional cir- 
cuits in a microcontroller. The apparatus includes a first 
pin, a second pin, a functional circuit, and a multiplexer. 
The multiplexer is operable to receive a flag, couple the 
functional circuit to the first pin when the flag is equal to 
1 ; and couple the functional circuit to the second pin 
when said flag is equal to 0. A configuration register is 
also provided that stores the flag and is connected to 
the multiplexer. The first pin may be coupled to another 
functional circuit when the flag is equal to 0. This per- 
mits the two functional circuits to operate simultane- 
ously. In the method, the functional circuit is assigned to 
the first pin as a default setting in one operating mode, 
and reassigned to the second pin in an alternate operat- 
ing mode. The method may further include the step of 
assigning the other functional circuit to the first pin in the 
alternate operating mode, so that the two functional cir- 
cuits can operate simultaneously in the alternate oper- 
ating mode. The reconfiguration can be performed 
either when the electronic device is initially programmed 
or during Its normal operation. 
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Description- ■ ■• *~aw^v ^» ^ " 

[0001] The present invention relates in general to 
microcontrollers, and more particularly to a microcon- 
troller employing a multiplexer and configuration register 
that allow peripheral functionality to be switched 
between two different pins, enabling compatibility with 
previous devices and utilization of two peripherals 
simultaneously. 

[0002] Recently there have been significant and 
rapid changes in technology taking place in the compu- 
ter field. In particular, the speed of microprocessors and 
micrcontrollers is continually increasing. As a result of 
this rapid advancement in technology, manufacturers of 
minicomputer systems have found it necessary to 
upgrade their systems more frequently than in the past 
This upgrading process includes introducing entirely 
new systems, retrofitting old systems, and sometimes a 
combination of both. 

[0003] While customers desire the benefits associ- 
ated with continually upgrading their computer systems, 
very few of them are willing, or able, to replace their 
entire system every time a new microprocessor is devel- 
oped. Accordingly, chip manufacturers and computer 
system manufacturers have recognized the importance 
of making their microprocessors or microcontrollers 
compatble with previous devices. CompatfoilHy has 
been achieved by several different approaches. 
[0004] In one approach, compatibility has been 
achieved by emulation through microprogramming, i.e., 
by modifying portions of the operating system, or by uti- 
lizing similar architectures. While such compatibility has 
been achieved, these chips are still able to provide only 
a downward software compatibility. This means that the 
same software written for 8- or 16-bit microprocessor 
chips, for example, can be executed on 32-bit chips. 
However, as chip designs continue to evolve minicom- 
puter manufacturers still will be required to maintain 
inventories of those different microprocessor chips uti- 
lized in new and old minicomputer designs. That is, 
downward software compatibility does not require 
downward hardware compatibility. 
[0005] In fact, the opposite is usually the case. This 
means that in order for an older minicomputer system to 
take advantage of a new chip; it is necessary to rede- 
sign or retrofit the system to accept the new chip not- 
withstanding the compatibilities in chip pin assignments. 
The reason is that the new chip besides being faster 
usually includes new functionality. This can prove costly 
in terms of both equipment maintenance and inventory. 
[0006] U.S. Patent No. 4,677,548 discloses a chip 
which is usable in both new and older systems without 
requiring that changes be made to the older systems. 
The chip disclosed in this patent includes compatibility 
circuits that connect to a number of pins that are unused 
in the chip that it replaces in an existing computer sys- 
tem. The compatibility circuits connect to those internal 
parts of the new chip that contain the newly added or 


attered levels of functionality. In this solution, the new 
chip is installed in the existing computer system just as 
the prior chip. When so installed, the compatibility cir- 
cuits enable the new chip to operate in the same man- 

5 ner as the replaced chip but generally at higher speeds. 
When the new chip is installed in the system for which it 
was designed, the compatibility circuits enable the chip 
to operate with a selectable level of new functionality. 
While this solution enables backward compatibility, it 

10 fails to enable multiple uses of one or more pins, and 
thus does not maximize the use of the input/output pins. 
[0007] U.S. Patent No. 5,375,209 on the other hand 
discloses a device that enables multiple uses of one or 
more pins. This patent discloses a microprocessor that 

is has a plurality of input/output pins and a processing cir- 
cuit coupled to the input/output pins. The patent further 
discloses circuitry, which is provided for selectively 
decoupling the processing circuitry from one or more of 
the input/output pins, so that pins associated with 

20 enhanced features may be decoupled to provide com- 
patibility with a desired microprocessor feature. Thus, 
this patent discloses a method and apparatus for 
switching between two different functionalities by disa- 
bling one functionality and enabling another. This sdu- 

25 tion, however, is limited in that it does not disclose 
moving functionality from one pin to another, and thus 
does not enable simultaneous use of two different 
peripherals capable of functioning on a single pin. 
[0008] The present invention overcomes the above- 

30 identified problems as well as other shortcomings and 
deficiencies of existing technologies by providing an 
electronic device with processing circuitry and a config- 
urable pin arrangement that has a first pin, second pin, 
a functional circuit, and a multiplexer. The multiplexer is 

35 operable to receive a flag, couple the functional circuit to 
the first pin when the flag is equal to 1; and couple the 
functional circuit to the second pin when said flag is 
equal to 0. In the preferred embodiment, a configuration 
register is also provided that stores the flag and is con- 

40 nected to the multiplexer. 

[0009] In one alternate embodiment the first pin is 
coupled to another functional circuit when the flag is 
equal to 0. This permits the two functional circuits to 
operate simultaneously. In another alternate embodi- 

45 merit, the multiplexer is operable to couple the func- 
tional circuit to any input/output pin on the electronic 
device. 

[0010] In yet another alternate embodiment of the 
present invention, a method of configuring pins on an 

so electronic device that is capable of operating in multiple 
modes is provided. The preferred method includes the 
steps of assigning a functional circuit to a first pin as a 
default setting in one operating mode, and reassigning 
the functional circuit to a second pin in an alternate 

55 operating mode. The method may further include the 
step of assigning another functional circuit to the first pin 
in the alternate operating mode, so that the two func- 
tional circuits can operate simultaneously in the alter- 
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-nate-operating- mode. The reassigning step can *be 
performed either when the electronic device is initially 
programmed or during normal operation of the elec- 
tronic device. 

[0011] Additional embodiments will be clear to 
those skilled in the art upon reference to the detailed 
description and accompanying drawings. 

Figure 1 is a schematic block cfiagram of one 
embodiment of the present invention illustrating the 
circuitry that enables a user to move the functional- 
ity associated with one functional circuit from one 
pin to another; 

Figure 2 is a schematic block diagram of another 
embodiment of the present invention illustrating the 
circuitry that enables a user to reassign one func- 
tional droit from one pin to another and assign 
another functional circuit to the one pin so as to 
enable both functional circurts to operate simultane- 
ously; 

Figure 3 is a schematic block diagram of another 
embodiment of the present invention illustrating the 
circuitry that enables a user to move the functional- 
ity associated with one functional circuit from one 
pin to any other of a number of pins on the micro- 
controller; and 

Figure 4 is a schematic block diagram of another 
embodiment of the present invention illustrating the 
circuitry that enables a user to assign and reassign 
multiple functional circurts to any one of a number 
of pins on the microcontroller. 

[0012] Turning now to the drawings, and referring 
specifically to Figure 1, a portion of the circuitry of a 
microcontroller according to the present invention is 
shown generally by reference numeral 10. The circuit 1 0 
includes a functional circuit 12, e.g., a CCP2 (Capture, 
Compare and PWM) module, a timer 1 , timer 3, USART, 
or any other functional circuit. The functional circuit 12 
connects to the outside world through either pin P1 or 
pin P2. Pins P1 and P2 are genera) purpose input/out- 
put pins. 

[0013] The circuit 10 further includes a multiplexer 
14, which connects the functional circuit 12 to pin P1 or 
pin P2, in response to a flag received from a configura- 
tion register 16. The multiplexer 14 is connected to the 
functional circuit 12 via communication line 18; pin P1 
via communication line 20; pin P2 via communication 
line 22; and configuration register 16 via communication 
line 24. The multiplexer 1 4 operates to connect the func- 
tional circuit 12 to the pin P1, if the flag that it receives 
from the configuration register 16 is a "1". The multi- 
plexer 14 further operates to connect the functional cir- 
cuit 12 to the pin P2 if the flag that it receives from the 
conf iguration register 16 is a "0". Thus, by employing 


-the multiplexer 14 and^cortfiguration^egister 16,-drcuit- - 
1 0 enables the user to move the functionality associated 
with functional circuit 12 from one pin to another. 
[0014] The configuration register 16 is a non-vola- 

5 tile memory element, preferably a single bit EPROM 
(Erasable Programmable Read Only Memory) or flash 
memory device. It stores the flag, which in the embodi- 
ment of Figure 1 is either a "0" or a "1". In the default 
setting, the flag is equal to "1 The default setting is set 

10 by the manufacturer and enables the microcontroller to 
be used in prior devices, i.e., it makes the microcontrol- 
ler backward compatible. Put another way, the micro- 
controllers according to the present invention are 
general purpose microcontrollers that have applicability 

15 in a whole host of applications, e.g., bread makers, anti- 
lock brakes, keyless entry, etc. Often times it is desired 
to replace the microcontroller in such applications due 
to an advance in microcontrollers that will enhance the 
operation of the underlying application. In such a situa- 

20 tion, it is desired to have the new and improved micro- 
controller, such as the one according to the present 
invention, be compatible with the operation of the prior 
microcontroller in the system in which rt is to be used, ft 
is in this case where the default setting would be uti- 

25 lized. 

[0015] For example, in one application the func- 
tional circuit 12 in the prior miaocorrtroller (which the 
microcontroller of the present invention is intended to 
replace) may have received its input/output from pin P1. 

30 In this case, the user will not desire to change the 
default setting, because the default flag of T connects 
the functional circuit 12 to pin P1 . Thus, as pointed out 
above, the default setting makes the microcontroller of 
the present invention backward compatible. 

35 [0016] In the event that the user desires to move the 
functionality associated with functional circuit 12 from 
pin P1 to pin P2, the user merely needs to change from 
the default setting. This is accomplished simply by 
changing the flag that is stored in the conf iguration reg- 

40 ister 16 from a "1" to a "0". As those of ordinary skill in 
the art will appreciate, the flag is changed in the config- 
uration register 16 by executing one or more program 
steps, including at least one table write. Because the 
programming memory of the configuration register 16 in 

45 the preferred embodiment is 16 bits wide and the table 
latch is only 8 bits, it will take two table writes to change 
the flag from a T to a "0". However, the particular steps 
involved in programming the configuration register 16 
do not form a part of the present invention. 

so [Q017] In one aspect of the present invention, the 
default setting is changed during the programming 
mode, Le., when the user configures the microcontrol- 
ler. During this mode, the configuration register 16 is 
programmed (or reprogrammned) by instructions that 

55 are received from outside of the microcontroller. Alter- 
natively, the configuration register 16 may be repro- 
grammed during normal operation of the microcontroller 
by instructions received internally from the processing 
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drcuHry-of*thern^ 

allows for dynamic reconfiguration of the microcontrol- 
ler. 

[0018] In another embodiment of the present inven- 
tion, a second functional circuit 26, e.g., the internal cir- 
cuitry associated with a timer oscillator, is provided, as 
shown in Figure 2. The circuit 10' is designed so that 
when the functionality associated with the functional cir- 
cuit 12 is moved from pin P1 to pin P2, the functionality 
associated with the functional circuit 26 can be con- 
nected to the pin P1. This is accomplished using a con- 
figuration bit 27, which is preferably a RAM bit 
However, in an alternate embodiment of the present 
invention, the configuration bit 27 may be a single bit 
EPROM, which would enable reconf iguration to be per- 
formed during a programming mode. The configuration 
bit 27 stores an instruction (a flag), which is communi- 
cated to the functional circuit 26 via communication line 
28. When the flag is equal to "0", the functional circuit 26 
is disconnected from the pin P1 . When the flag is equal 
to "1 the functional circuit 26 is connected to the pin P1 
via communication line 29. 

[001 9] In the default setting, the flag is equal to "0", 
i.e., in this setting the functional circuit 26 is not opera- 
tional. During normal operation, however, the value of 
the flag stored in the configuration bit 26 can be 
changed, so as to connect (or disconnect) the functional 
circuit 26 to (from) the pin P1 . The steps for accomplish- 
ing this are described above. Again, however, the 
details of this method are not critical to the present 
invention. 

[0020] v In an alternate embodiment of the present 
invention, the functionality associated with the func- 
tional circuit 12 can be moved from pin P1 to any other 


w 


is 


20 


25 


30 


general purpose input/output pin P2 through Pn, where 35 
n is the total number of general purpose input/output 
pins on the mi cr ocontroller, as shown in Figure 3. In this / 
embodiment, the multiplexer 14' has n outputs and the 
/ configuration register 16' has x bits, where 2 X ^ n. For^ 
/ example, in the case where the microcontroller has 40 40 
w pins, 33 of which are general purpose input/output pins, // 
V? n = 33. In this case, the multiplexer 14' has 33 outputs'/ 
and the configuration register 1 6* would have 6 bits. The 
multiplexer 14' is connected to the functional circuit 12 
via communication line 118, the configuration register 
| via communication line 124, and to pins P1 through Pn 
via communication lines 120 through 134. ^ 
[0021] In yet another alternate embodiment, the" 
present invention is extended to multiple functional cir- 
cuits. In this embodiment, the multiple functional cir- 
cuits, designated by reference indications FC1, FC2, 
FC3, ... FCm, can be connected to any one of the gen- 
eral purpose input/output pins P1 through Pn, as shown 
in Figure 4. This is accomplished through the use of a 
cross-point switch 30, which in turn receives a f lag from 
configuration register 1 6", which like configuration regis- 
ter 16* is preferably a multi-bit EPROM. In one possible 
variation of this embodiment, when the flag carries a 


45 


50 


55 


-certain address, e.^-'X)0X)0^in-a-4 pin*by-4 functional ^ 
circuit array, the cross-point switch 30 connects the 
functional circuit FC1 to pin P1 . This connection is made 
via communication lines 41 and 51. In another example 
of this variation, when the flag is "0001 " the cross-point 
switch 30 connects the functional circuit FC1 to pin P2. 
This connection is made via communication lines 41 
and 52. In yet another example of this variation, when 
the flag is "01 00" the cross-point switch 30 connects the 
functional circuit FC2 to pin P1 . This latter connection is 
made via communication lines 42 and 51. As those of 
ordinary skill in the art will appreciate, there are multiple 
variations of this embodiment of the present invention. 
[0022] As those of ordinary skill in the art will also 
appreciate, other embodiments of the present invention 
are possible. In yet another alternate embodiment, a 
plurality of multiplexers is employed to connect multiple 
functional circuits to any one of the general-purpose 
input/output pins on the microcontroller. In yet another 
aspect of the present invention, one or more demulti- 
plexers can be used to connect a plurality of functional 
circuits to a single input/output pin. 
[0023] Accordingly, as those of ordinary skill in the 
art will appreciate, the present invention is well adapted 
to carry out the ends and advantages mentioned, as 
well as others inherent therein. While the present inven- 
tion has been depicted, descnbed, and is defined by ref- 
erence to particular preferred embodiments of the 
invention, such references do not imply a limitation on 
the invention, and no such limitation is to be inferred. 
The invention is capable of considerable modification, 
alternation, and equivalents in form and function, as will 
occur to those ordinarily skilled in the pertinent arts. The 
depicted and described preferred embodiments of the 
invention are exemplary only, and are not exhaustive of 
the scope of the invention. For example, while the inven- 
tion is described as having applicability to micrcontrol- 
lers, it is intended to have application to other integrated 
circuits, including, but not limited to, any microproces- 
sor. Consequently, the invention is intended to be lim- 
ited only by the spirit and scope of the appended claims, 
giving full cognizance to equivalents in all respects. 

Claims 

1. An electronic device having processing circuitry 
and a configurable pin arrangement, said electronic 
device comprising: 

(a) a first pin; 

(b) a second pin; 

(c) a functional circuit; and 

(d) a multiplexer operable to: (i) receive a flag, 
(ii) couple the functional circuit to the first pin 
when the flag is equal to 1 ; and (HQ couple the 
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flag is equal to 0. 

2. The electronic device according to claim 1, further 
comprising a configuration register that stores the s 
flag and is connected to the multiplexer. 

3. The electronic device according to claim 2, wherein 
the configuration register is selected from the group 
consisting of a single bit EPROM and flash mem- 10 
ory. 

4. The electronic device according to claim 1 , wherein 
the functional circuit is selected from the group con- 
sisting of a Capture, Compare and PWM module, is 
timer 1, timer 3, USART. 

5. The electronic device according to claim 1 , wherein 
the first pin is coupled to another functional circuit 
when said flag is equal toO. so 

6. The electronic device accortfing to claim 5, further 
comprising a configuration bit that stores a flag 
equal to 0 or 1, and is connected to the another 
functional circuit 25 

7. The electronic device according to claim 6, wherein 
when the flag stored in the configuration bit is equal 
to 0 the electronic device is in a default state, which 
makes the electronic device compatible with prior 30 
electronic devices. 

8. The electronic device according to claim 6, wherein 
the configuration bit is selected from the group con- 
sisting of a RAM bit and a single bit EPROM. 35 

9. The electronic device according to claim 6, wherein 
the another functional circuit is connected to the 
first pin when the flag stored in the configuration bit 

is equal to 1. 40 

1 0. The electronic device according to claim 9, wherein 
when the flag in the configuration bit is equal to 1, 
the two functional circuits can operate simultane- 
ously. 45 

1 1 . The electronic device according to claim 5, wherein 
the another functional circuit is a timer oscillator. 

1 2. The electronic device according to claim 1 , wherein so 
the multiplexer is operable to cotple the functional 
circuit to any input/output pin on the electronic 
device. 

13. An electronic device having processing circuitry ss 
and a configurable pin arrangement said electronic 
device comprising: 


■■•>—• « " - (a) a plurality of functiorahdrourts;^^^''*'-*^ 

(b) a plurality of pins; and 

(c) a cross-point switch operable to connect 
any one of the plurality of functional circuits to 
any one of the plurality of pins. 

14. The electronic device according to claim 13, further 
comprising a configuration register that stores a 
flag that is communicated to the cross-point switch, 
which instructs the cross-point switch to connect a 
particular functional circuit to a particular pin. 

15. The electronic device according to claim 14, 
wherein the configuration register is a multi-bit 
EPROM. 

16. A method of configuring pins on an electronic 
device that is capable of operating in multiple 
modes, comprising the steps of: 

(a) assigning a functional circuit to a first pin as 
a default setting in one operating mode; and 

(b) reassigning the functional circuit to a sec- 
ond pin in an alternate operating mode. 

17. The method according to claim 16, further compris- 
ing the step of assigning another functional circuit 
to the first pin in the alternate operating mode, so 
that the two functional circuits can operate simulta- 
neously in the alternate operating mode. 

18. The method according to claim 16, wherein the 
reassigning step is performed when the electronic 
device is initially pro&ammed. 

19. The method according to claim 16, wherein the 
reassigning step is performed during operation of 
the electronic device. 
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